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© Communication receiver using soft decision to discriminate between a traffic channel frame and a 
fast associated control channel frame. 



© In a digital cellular communication system, a 
cell-site station transmits a frame containing a fixed 
number of burst signals each having stealing flag 
bits indicating that the frame is a traffic channel 
(TCH) or a fast associated control channel (FACCH). 
A mobile station receives delay-dispersed burst sig- 
nals and equalizes their delay-dispersal effects to 
produce soft information so that each of the transmit- 



ted stealing flag bit is represented by a multibtt 
value. A channel discriminator provides a total sum 
of all the multibit values of the received burst signals 
and compares the sum to a threshold value to iden- 
tify the received frame as a FACCH if the sum is 
equal to or greater than the threshold value, or 
identify it as a TCH if the sum is smaller than the 
threshold value. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to digi- 
tal cellular communications systems, and more 
specifically to a channel discrimination technique 
particularly for use in the European digital cellular 
telecommunications system (Groupe Special Mo- 
bile). 

Description of the Related Art 

In the current GSM digital cellular communica- 
tion system, speech and data bits from a cell-site 
base station are carried on a traffic channel (TCH) 
frame, and control bits are carried a fast associated 
control channel (FACCH) frame which is created by 
"stealing" part or whole bits of a TCH frame. To 
enable mobile stations to discriminate between 
TCH and FACCH frames, stealing flag bits are 
inserted in predetermined bit positions of each 
burst of the FACCH frame. On receiving a frame, 
each mobile station initiates an equalizing process 
to account for delay-dispersal effects of the trans- 
mission path to produce a single bit sequence, and 
counts the stealing flag bits of the frame contained 
in the bit sequence. The mobile station then com- 
pares the number of stealing flag bits of the frame 
to a hard decision threshold and determines that 
the frame is a FACCH if that number is equal to or 
greater than the threshold; otherwise it determines 
that the frame is a TCH. Since the equalized signal 
is of a sequence of bits of single significance each 
and hence the channel discrimination is based on 
hard decision comparison, there is a need to in- 
crease the resolution of the stealing flag bit count 
to permit the setting of the threshold to a more 
precise value. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide an improved channel discrimination 
technique for a communication system by increas- 
ing the resolution of stealing flag bit count by 
representing each symbol bit with a plurality of bits 
of different significances. 

According to the present invention, a channel 
discrimination between a traffic channel frame and 
a fast associated control channel frame is made by 
(a) receiving a frame containing a fixed number of 
delay-dispersed burst signals, each burst signal 
containing information bits and/or control bits, and 
at least one stealing flag bit indicating the presence 
or absence of the control bits, (b) equalizing delay- 
dispersal effects of the burst signals and producing 
therefrom soft information representing the stealing 



flag bit of each burst signal by a multibit value, (c) 
summing all the multibit values of all the burst 
signals of the received frame to produce a count 
value, and (d) comparing the count value to a 

5 threshold value to determine that the received 
frame is the fast associated control channel if the 
count value is equal to or greater than the thresh- 
old value and that the received frame is the traffic 
channel if the count value is smaller than the 

w threshold value. As a result, the resolution of the 
count value is increased and soft decision is made 
for precision discrimination of each frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 

The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 is a flowchart of a prior art channel 
20 discrimination process used in the GSM cellular 
communication system; 

Figs. 2A to 2G are tables showing computer 
simulations conducted under different qualities 
of signal to evaluate the prior art hard decision 
25 decoding; 

Fig. 3 is a block diagram of a digital cellular 
communication system in which the present in- 
vention is embodied; 

Fig. 4 is a block diagram of the channel dis- 

30 criminator of Fig. 3; 

Figs. 5A to 5G are parts of a timing diagram 
associated with the block diagram of Fig. 4; 
Fig. 6 is a flowchart of the channel discrimina- 
tion process of the present invention; 

35 Figs. 7A to 7G are tables showing computer 

simulations conducted " under different qualities 
of signal to evaluate the soft decision decoding 
of the present invention; and 
Fig. 8 is a comparison table summarizing the 

40 best threshold values of the prior art and those 
of the present invention. 

DETAILED DESCRIPTION 

45 Before proceeding with the detailed description 

of the present invention, it may prove helpful to 
provide an explanation of the prior art with refer- 
ence to the flowchart shown in Fig. 1 and the 
results of frame discrimination shown in Figs. 2A to 

so 2G using computer simulations based on hard de- 
cision decoding. According to the GSM digital cel- 
lular telecommunications system, convolutional er- 
ror correction coding is used to distribute transmit- 
ted information over time such that it can still be 

55 reconstructed; despite some corruption and an er- 
ror correction decoding technique, such as Viterbi 
algorithm channel decoding, is used to reconstruct 
the originally-transmitted information from the cor- 
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rupted signal. On a downlink path (base-to-mobile), 
the coded signals are transmitted as a frame se- 
quence with each frame consisting of eight succes- 
sive bursts of 116 bits each. When a cell-site base 
station needs to transmit high speed control data, it 
"steals" part or whole of a traffic channel (TCH) 
and transmits the control data on the stolen chan- 
nel which is called a fast associated control chan- 
nel (FACCH). In a system where a full-rate FACCH 
frames is used, it is created by stealing whole bits 
of eight bursts of a frame and setting stealing flag 
bits hu = 1 and hi = 1 into the 57th and 58th bit 
locations of each of these bursts. Whereas, in a 
system in which a half-rate FACCH frame is used, 
it is created by stealing all the even numbered bits 
of a burst and setting flag bits hi = 0, hu = 1 in 
the burst, or stealing all the odd numbered bits of a 
burst and setting flag bits hi = 1 and hu = 0 in the 
burst. Due to interleaving at four-burst intervals, the 
half-rate FACCH frame comprises all the even 
numbered bits of the second four bursts of a non- 
interleaved frame and all the odd numbered bits of 
the first four bursts of a subsequent non-interleaved 
frame. If the whole of a channel is used to carry 
traffic, both of the stealing flag bits "hi" and "hu" 
are set to 0. 

The equalization technique currently employed 
in the GSM system is one that yields a single bit 
sequence on which hard decisions are made to 
discriminate between TCH and FACCH frames. As 
illustrated in Fig. 1, the prior art channel discrimina- 
tion process at a mobile receiver begins with initial- 
ization step 100 which sets the burst number N to 
0. At step 101, a burst is received. If the burst 
number N is 0 (step 102), stealing flag bit count 
variable FA is set equal to 0 (step 103) and if N = 
4 (step 104), stealing flag bit count variable FB is 
set equal to 0 (step 105). If N = 0. 1, 2 or 3 (step 
106), variable FA is incremented by 1 or 0 depend- 
ing on the value of stealing flag bit "hu" and 
variable FB is incremented by 1 or 0 depending on 
the value of stealing flag bit "hi" (step 107). If N = 
4, 5, 6 or 7 (step 108), variable FA is incremented 
by 1 or 0 depending on the value of stealing flag 
bit "hi" and variable FB is incremented by 1 or 0 
depending on the value of stealing flag bit "hu" 
(step 109). If N is other than 7 or 3 (steps 110, 
114), the burst number N is incremented by 1 at 
step 113 and control returns to step 101 to repeat 
the process on the next burst. 

Accordingly, in a system where the full-rate 
FACCH frame is employed, the flag variable FA 
which has been incremented to FA = 3 by flag bit 
"hu" during the first four bursts of the current 
frame is successively incremented to FA = 7 by 
flag bit "hi" during the second four bursts of the 
current frame. On the other hand, in a system 
where the half-rate FACCH frame is used, the flag 



variable FB which has been incremented by the 
flag bit "hu" to FB = 3 during the second four 
bursts of a previous frame is successively incre- 
mented to FB = 7 by the flag bit "hi" during the first 

5 fourth bursts of a subsequent frame. 

If N = 7 (step 110), the variable FA is com- 
pared to a fixed threshold value 5 (step 111). If FA 
£ 5, the frame of interest is identified as a FACCH 
frame (step 112), and if FA < 5, it is identified as a 

70 TCH frame (step 116). If N is 3 (step 114), then the 
variable FB is compared to the threshold value 5 
(step 115). If FB ^ 5, the frame of interest is 
identified as a FACCH frame (step 112), and if FB 
< 5, it is identified as a TCH frame. Following steps 

is 112, 116, variable N is incremented by 1 according 
to modulo 8 addition. Thus, if N becomes equal to 
8, it is set equal to 0. 

Since eight bursts exist in each frame, each of 
the stealing flag bit count values FA and FB of the 

20 frame is in the range between 0 and 8, with the 0 
corresponding to the worst case in which all the 
stealing flag bits are corrupted and the 8 cor- 
responding to the most favorable case in which all 
the stealing bits are correctly received. The thresh- 

25 old value 5 is currently chosen as an optimum 
value. It will be seen that if the threshold is set at a 
relatively lower value of the control range, the ratio 
of frames identified as a fast associated control 
channel increases, while the ratio of frames iden- 

30 tified as a traffic channel decreases. One important 
factor for the optimum threshold determination is 
that the ratio of the number detected FACCH 
frames to the total number of received frames 
should be as high as possible and as close as 

35 possible to the ratio of the number of detected 
TCH frames to the total number of received 
frames. Another important factor is the frame dif- 
ference value between the number of detected 
TCH frames and the number of detected FACCH 

40 frames. Therefore, the best threshold is one that 
gives high and equal discrimination ratios for both 
types of channel and a minimum frame difference 
value. Accordingly, threshold values must be evalu- 
ated using different qualities of transmitted signal 

45 and the best threshold is chosen to meet such 
requirements. 

Computer simulations for a total of 1,999 
frames under different signal to noise environments 
(-6 dB to 0 dB) using the hard decision threshold 

50 values (1 to 8) show that the best threshold value 
for each noise environment (white Gaussian noise) 
is one that provides a minimum of the absolute 
values of the frame difference value between the 
number of detected TCH frames and the number of 

55 detected FACCH frames as indicated by asterisks. 
It is shown that the threshold value of 5 is not the 
best for all S/N ratios. Additionally, it is found that 
the difference values for the best threshold is not 
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necessarily optimum. They take on substantial val- 
ues as indicated in Figs. 2A to 2G, e.g., 162, 115, 
73 and 42 for S/N ratios -6 dB, -5 dB, -4 dB and -3 
dB, respectively. 

Referring now to Fig. 3, there is shown a 
downlink system of a GSM digital cellular commu- 
nication system of the present invention. The 
downlink system comprises a cell-site transmitter 
200 and a mobile unit 210. At the cell-site station, 
the transmission rate of speech signals is con- 
verted to a low rate such as 4.8 kbps by known 
speech coders 201 and then converted in channel 
coders 202 to convolutional codes using the known 
convolutional error correction coding technique to 
distribute transmitted information over time such 
that it can still be reconstructed, despite some 
corruption. The code bits of four bursts are or- 
ganized into a frame are then reordered and inter- 
leaved according to the GSM channel coding stan- 
dard to produce a frame of eight bursts. The eight- 
burst frame that carries traffic is called the traffic 
channel. Some of the traffic channel frames are 
stolen by signaling information and stealing flag 
bits are inserted into each burst of the stolen 
frames. These operations are performed by mul- 
tiplexer 203, control channel processor 204, switch 
205, flag insertion block 206 and central processor 
207. The output of flag insertion circuit 206 is 
converted to a radio frequency and transmitted 
from transmitter 208 through a frequency-selective 
fading channel 209. 

The mobile unit 210 includes a receiver 211, 
an equalizer 212, a channel discriminator 213, a 
channel decoder 214, and a speech decoder 215. 
The receiver 21 1 has radio frequency, intermediate 
frequency and demodulation stages. Equalizer 212 
can be of any known design. A suitable equalizer is 
disclosed in international patent application pub- 
lished under WO/91/06165. Equalizer 212 com- 
prises a matched filter 220 and a maximum likeli- 
hood estimator 221 . A radio frequency digital signal 
exhibiting delay-spread characteristics is received, 
converted to an intermediate frequency and de- 
modulated into n samples per symbol. The 
matched filter 220 is matched to the multipath 
channel characteristics. The MLSE 221 makes one- 
symbol-at-a-time decisions on the symbol received. 
The absolute value of the matched filter output is 
taken by an absolute value converter 22 as a 
measure of reliability for each of the MLSE's de- 
cisions and delayed by a delay element 223 to 
account for the processing time of the MLSE. The 
MLSE's decisions are weighted by a multiplier 224 
with the delayed absolute value' to provide soft 
information in which each symbol bit is represented 
by a triad of different significant bits indicating a 
measure of reliability of the symbol bit, with the 
most significant bit of the triad corresponding to 



the bit used in the prior art hard decision decoding. 
Therefore, the stealing flag bits M hr and "hu" are 
each represented by three bits of different sig- 
nificances, on which better channel discrimination 

5 can be made in the channel discriminator 213. The 
equalizer produces a total of 116 x 3 bits for each 
burst, which is supplied in the form of three parallel 
bit sequences #0, #1 and #2 corresponding to the 
least, medium and most significant binary values, 

70 respectively. 

As illustrated in Fig. 4, the channel discrimina- 
tor 213 of the present invention comprises a burst 
detector 330 for detecting each burst of downlink 
frames. A burst counter 331 counts the number of 

75 detected bursts and produces a burst count value 
BC. A timing pulse generator 332 is also respon- 
sive to the detected burst for producing various 
timing signals including latch command pulses HL, 
HU for latching stealing flags, an add command 

20 pulse L, reset pulses RA, RB and an enable pulse 
EBL. The timing diagram of these pulses is illus- 
trated in Figs. 5A, 5B and 5C. 

An error bit detector 340 is provided for evalu- 
ating the equalizer output to detect error bits to 

25 produce a signal representative of the signal-to- 
noise ratio of the received signal. A translation 
table 341 is connected to the error detector 340 for 
transforming the S/N ratio to a corresponding 6-bit 
threshold value Th. 

30 A pair of 3-bit latches 300 and 310 is con- 

nected to the equalizer output for extracting steal- 
ing flags "hl(k) n and "hu(k)" from the bit se- 
quences #0, #1, #2 in response to the latch com- 
mand pulses HL and HU, respectively (where k = 

35 0, 1, 2 corresponding to the least, medium and 
most significances, respectively). The output of 3- 
bit latch 300 is connected to the first inputs of 
selectors 301 and 31 1 and the output of 3-bit latch 
310 is connected to the second inputs of selectors 

40 301 and 311. As a control signal the burst count 
value BC is applied to these selectors. Each of 
these selectors utilizes the burst count BC to select 
the output of latch 300 if BC = 0, 1, 2 or 3, or the 
output of latch 310 if BC = 4,5,6 or 7. 

45 A flag counter 306 is responsive to the output 

of the selector 301. This counter comprises a 6-bit 
adder 302 and 6-bit latches 303, 304. Latch 303 is 
reset to zero in response to the reset pulse RA that 
occurs when BC = 0 and activated by the latch 

so command pulse L following the latch pulses HL, 
HU in order to store a 6-bit sum provided by the 
adder 302. Latch 304 responds to a clock pulse of 
phase <>1 from clock source 333 by latching the 
output of latch 303 for coupling to adder 302 to be 

55 summed with the output of selector 301. The flag 
counter 306 produces a 6-bit output which repre- 
sents the total number of stealing flag bits of either 
hl(k) or hu(k) received in the eight bursts of a 
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frame. 

Likewise, a flag counter 316 is provided for 
counting the output of selector 311. using a 6-bit 
adder 312 and 6-bit latches 313, 314, which cor- 
respond respectively to the adder 302, latches 303, 5 
304, mentioned above. Flag counter 316 differs 
from flag counter 306 in that latch 313 is reset to 
zero in response to the reset pulse RB when BC = 
4. Flag counter 316 produces a 6-bit output repre- 
senting the total number of stealing flag bits hu(k) w 
received during the second four bursts (BC = 4, 5, 
6 or 7) of a given frame plus the total number of 
stealing flag bits hl(k) received during the first four 
bursts (BC = 0, 1, 2, or 3) of a subsequent frame. 

The 6-bit output of flag counter 306 is com- is 
pared to the 6-bit threshold value Th by means of a 
comparator 305. and the 6-bit output of flag coun- 
ter 316 is compared to the 6-bit threshold value Th 
by means of a comparator 315. If the output of 
each flag counter is equal to or greater than the 20 
threshold, each comparator produces a 1 indicating 
that the current frame is a fast associated control 
channel, otherwise it produces a 0 indicating that 
the current frame is a traffic channel. 

A selector 320 selects one of the outputs of 25 
comparators 305, 315 in accordance with the burst 
count VC. If BC = 0, 1, 2 or 3, the comparator 305 
output is selected and applied to an AND gate 321 
and if BC = 4, 5, 6 or 7, the comparator 315 
output is selected for coupling to the AND gate. 30 
AND gate 321 is enabled in response to the enable 
pulse EBL to pass the selector 320 output to the 
set input of a flip-flop 322 where it is latched by a 
clock pulse of phase 4>2 for application to the 
channel decoder 214. 35 

Channel decoder 214 utilizes the output of 
channel discriminator 213 to initiate a channel de- 
coding process that is particular to each of the 
incoming frames according to their channel types, 
and provides a reset pulse to the channel discrimi- 40 
nator 213 when the decoding process is complete 
for a frame. In response to this reset pulse, the flip- 
flop 322 is initialized. 

The present invention is also implemented by a 
software program as shown in Fig. 6. The channel 45 
discrimination process at a mobile receiver begins 
with initialization step 400 to set the burst number 
N to 0. When a burst is received (step 401), the 
burst number N is checked for equality to 0 (step 
402). If N = 0, a 6-bit stealing flag bit count so 
variable FA is set equal to 0 (step 403) and if N = 
4 (step 404), a 6-bit stealing flag bit count variable 
FB is set equal to 0 (step 405). If N = 0, 1, 2 or 3 
(step 406), variable FA is incremented by an 
amount corresponding to the three stealing flag bits 55 
hu(0, 1, 2) and variable FB is incremented by an 
amount corresponding to the three stealing flag bits 
hl(0, 1, 2) at step 407. If N = 4, 5, 6 or 7 (step 



408), variable FA is incremented by stealing flag 
bits hl(0, 1, 2) and variable FB is incremented by 
stealing flag bits hu(0, 1, 2) at step 409. If N is 
other than 7 or 3 (steps 410, 414), the burst num- 
ber N is incremented by 1 at step 413 and control 
returns to step 401 to repeat the process on the 
next burst. 

If N = 7 (step 410), the variable FA is com- 
pared to the 6-bit threshold value Th (step 411). If 
FA £ Th, the frame of interest is identified as a 
FACCH frame (step 412), and if FA < Th, it is 
identified as a TCH frame (step 416). If N is 3 (step 
414), then the variable FB is compared to the 
threshold value Th (step 415). If FB £ Th, the frame 
of interest is identified as a FACCH frame (step 
412), and if FB < Th, it is identified as a TCH 
frame. Following steps 412, 416, variable N is 
incremented by 1 according to modulo 8 addition. 

Computer simulations were conducted for a 
total of 1 ,999 frames under different signal to noise 
environments (-6 dB to 0 dB) using 6-bit soft de- 
cision threshold values in the range between 0 and 
56. As indicated in Figs. 7A to 7G, the simulations 
show that the best threshold value for each noise 
environment (white Gaussian noise) provides a 
minimum of the absolute values of the frame dif- 
ference value between the number of detected 
speech channel (TCH) frames and the number of 
detected FACCH frames as indicated by asterisks. 
For example, with a threshold value of 28 in an 
environment of S/N = -6 dB the frame difference 
value of the present invention is 2 (see Fig. 7A), 
which favorably compares with the frame difference 
value is 142 of the prior art hard decision decoding 
using the threshold value of 4 under the same S/N 
environment (Fig. 2A). In addition, Fig. 7A shows 
that the ratios of detected frames for both TCH and 
FACCH are high and equal to each other. The 
same tendencies exist for other S/N ratios as is 
apparent from Figs. 7B to 7G. For purposes of 
comparison, the best threshold values of the 
present invention and the best threshold values of 
the prior art are summarized in Fig. 8. 

Since the threshold value Th is variable as a 
function of the quality of the received signal, the 
threshold value is adaptively optimized for a par- 
ticular level of signal quality. 

Claims 

1. A method of channel discrimination between a 
traffic channel frame and a fast associated 
control channel frame, comprising the steps of: 
a) receiving a frame containing a fixed num- 
ber of delay-dispersed burst signals, each 
burst signal containing information bits 
and/or control bits, and at least one stealing 
flag bit indicating the presence or absence 
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of the control bits; 

b) equalizing delay-dispersal effects of the 
burst signals and producing therefrom soft 
information representing the stealing flag bit 

of each burst signal by a multibit value; s 

c) summing all the multibit values of all the 
burst signals of the received frame to pro- 
duce a count value; and 

d) comparing said count value to a thresh- 
old value to determine that the received io 
frame is the fast associated control channel 
frame if the count value is equal to or great- 
er than the threshold value and that the 
received frame is the traffic channel frame if 

the count value is smaller than the threshold is 
value. 

2. A method as claimed in claim 1, further com- 
prising the steps of: 

detecting the quality of the received frame; 20 

and 

varying the threshold value in accordance 
with the detected quality. 

3. A communication receiver comprising: 25 

means (211) for receiving a frame contain- 
ing a fixed number of delay-dispersed burst 
signals, each burst signal containing informa- 
tion bits and/or control bits, and at least one 
stealing flag bit indicating the presence or ab- 30 
sence of the control bits; 

means (212) for equalizing delay-dispersal 
effects of the burst signals and producing 
therefrom soft information representing the 
stealing flag bit of each burst signal by a 35 
multibit value; 

mans (306; 316) for summing all the mul- 
tibit values of all the burst signals of the re- 
ceived frame to produce a count value; and 

means (305, 315) for comparing said count 40 
value to a threshold value to determine that the 
received frame is a fast associated control 
channel if the count value is equal to or greater 
than the threshold value and that the received 
frame is a traffic channel if the count value is 45 
smaller than the threshold value. 



tion bits and/or control bits, and at least one 
stealing flag bit indicating the presence or ab- 
sence of the control bits, and equalizes delay- 
dispersal effects of the burst signals to pro- 
duce soft information representing the stealing 
flag bit of each burst signal by a multibit value, 
the discrimination circuit comprising: 

means (306; 316) for summing all the mul- 
tibit values of all the burst signals of the re- 
ceived frame to produce a count value; and 

means (305; 315) for comparing said count 
value to a threshold value to determine that the 
received frame is a fast associated control 
channel if the count value is equal to or greater 
than the threshold value and that the received 
frame is a traffic channel if the count value is 
smaller than the threshold value. 

6. A soft decision channel discriminator as 
claimed in claim 5, further comprising: 

means (340) for detecting the quality of 
the received frame; and 

means (341) for varying said threshold val- 
ue according to the detected quality. 



4. A communication receiver as claimed in claim 
1 , further comprising: 

means (340) for detecting the quality of so 
the received frame; and 

means (341 ) for varying said threshold val- 
ue according to the detected quality. 

5. A soft decision channel discriminator for a 55 
communication receiver which receives a 
frame containing a fixed number of delay-dis- 
persed burst signals each containing informa- 
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LEGEND: A = NO. OF DETECTED TCH FRAMES 

B = NO. OF DETECTED FACCH FRAMES 

FIG. 2B 

PRIOR ART 



S/N = -5dB 
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FIG. 2C 

PRIOR ART 

S/N = - 4 dB 
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LEGEND: A = NO. OF DETECTED TCH FRAMES 
FIG. 2D B = NO. OF DETECTED FACCH FRAMES 
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S/N = - 3 dB 
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FIG. 2E 
PRIOR ART 

S/N = - 2 dB 
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FIG. 2F 

PRIOR ART 

S/N = - 1 dB 



LEGEND: A = NO. OF DETECTED TCH FRAMES 

B = NO. OF DETECTED FACCH FRAMES 
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FIG. 2G 

PRIOR ART 

S/N = 0 dB 
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LEGEND: A = NO. OF DETECTED TCH FRAMES 
B = NO. OF DETECTED FACCH FRAMES 
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FIG. 7 A LEGEND: A = NO. OF DETECTED TCH FRAMES 

B = NO. OF DETECTED FACCH FRAMES 

S/N = - 6 dB 
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FIG. 7B LEGEND: A = NO. OF DETECTED TCH FRAMES 

S/N = - 5 dB B = NO. OF DETECTED FACCH FRAMES 
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FIG. 7C 

S/N = -4dB 



LEGEND: A = NO. OF DETECTED TCH FRAMES 

B = NO. OF DETECTED FACCH FRAMES 
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FIG. 7D LEGEND: A = NO. OF DETECTED TCH FRAMES 

S/N = - 3 dB B = NO. OF DETECTED FACCH FRAMES 
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